Abstract We fabricated the GaNLED emitting 400 nm wavelength and improved the optical extraction efficiency by making surface patterns on n-GaN layer and ITO layer above p-GaN. In addition, the light reflection metal under the n and p pad is made and the light reflection metal is installed on the backside of the chip. The light extraction efficiency is increased by 20 % with texturing n-GaN layer and 18% with texturing ITO layer at 20 mA. Compared to planar-surface LED, the light extraction efficiency for surface texturing both n-GaN and ITO is increased by 32% at 20mA. 
INTRODUCTION
It is well-known that white light from LED is achieved by three different ways: by combining blue GaN LEDs, green GaN LEDs, and red AlGaInP LEDs, by combining YAG (Yttrium Aluminium Garnet) phosphors with blue LEDs or green and red phosphors with blue LEDs, and by combining red, green, and blue phosphors with near UV LEDs. red, green, and blue phosphors. Using blue LED and near UV LED has high energy efficiency because phosphors are used.
Recently, National Institute of Material Science (NIMS) in Japan developed nitride red phosphor which has wide range of color and strong light emission intensity. GaN LED having around 400 nm emissionshas strong light emission intensity [1, 2] , so it waspossible to make white light with the GaN LED by combining nitride red phosphor [3] .
The external quantum efficiency of LED is expressed by the product of internal quantum efficiency and the lightextraction efficiency. To extract the light generated from inside of the chip requires the incident angle of light should be below critical angle, otherwise, the incident light goes back to the chip, and then eventually it can be either absorbed or scattered. The texturing on the surface was developed to increase the critical angle [4, 5] . The surface patterns for sapphire layer [6, 7, 8] , and ITO (Indium Thin Oxide) layer [9, 10] was developed to improve the light extraction efficiency as well.
We have been developing a red (BaRe)All1Si8N16 phosphor which absorbs most strong intensity around 400 nm [11] . Therefore, we need to develop around 400 nm LED and improve light extraction efficiency. In this paper, we developed the surface patterns for sapphire layer, n and p electrode reflector, n-GaNlayer, and ITO layer to improve the light extraction efficiency with around 400 nm LED. The light extraction efficiency is improved by 32% compared to conventional near ultraviolet LED. 
EXPERIMENT

DISCUSSION
The incident light goes back to the chip when the incident angle of the light is above critical angle. The texturing on the surface increased the critical angle and improved the light extraction efficiency of the chip [4, 5] .
[ Fig. 2 ] SEM photographs of surface-textured n-GaN. where internal quantum efficiency is assumed to 50% [12] . We expect that the light extraction efficiency is influenced by the reflection between n-GaN and Sapphire layer, as well as by the reflection layer located below the Sapphire layer.
Surface pattern is made above the sapphire layer and metal reflection layer is located below the sapphire layer. It is expected that the light extraction efficiency from the texturing of n-GaN layer is related to the surface area ratio of n-GaN layer to n type electrode, in which the ratio is 30 % in the LED. [ Fig. 3 ] The output power and extraction efficiency of surface-textured n-GaN LED as a function of forward current.
[ Fig. 4 ] SEM image of surface-textured ITO.
[ Fig. 5 ] Current-voltage characteristics of surface -textured ITO LED.
[ Fig. 6 ] The light output power and extraction efficiency of surface-textured ITO LED as a function of forward current. [ Fig. 7 ] The light output power and light extraction efficiency vs forward current of LED with and without surface texturing of n-GaN and ITO. The surface texturing effect of n-GaN is increased by 20% in light extraction efficiency while that of ITO is increased by 18%. The light extraction efficiency for both n-GaN and ITO texturing is increased by 32%. It can be explained that the light extraction efficiency of two texturing is not added completely because some of light is involved to two texturing effects.
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CONCLUSIONS
We have improved the light extraction efficiency of 
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